INTrOdUCTION
Group A beta-hemolytic Streptococcus (GAS) pharyngitis is one of the most common infections seen in pediatric practice. Failure to diagnose GAS infection and treat it in a timely manner may result in rheumatic fever and rheumatic heart disease. Over the last several decades use of the rapid antigen-detection test (RADT) has become the standard of care in the early diagnosis of GAS pharyngitis, allowing early treatment to prevent rheumatic Amin J. Barakat 1 
O r I g I N A L A r T I C L e rapid strep testing in children with recently treated streptococcal pharyngitis
AbSTrACT Importance: The use of the rapid antigen-detection test (RADT) has become the standard of care in the early diagnosis of group A betahemolytic Streptococcus (GAS) pharyngitis. Concern has been expressed over increased false positives when the child had been treated recently for GAS pharyngitis, resulting in over use of antibiotics. Objective: To determine if the false positive rate for RADT is increased in children recently treated for GAS pharyngitis.
Methods:
We conducted a prospective study to evaluate 300 children from a private practice with acute pharyngitis who were treated for GAS pharyngitis within the preceding 28 days (study group) compared to 306 children of comparable age who had not been previously treated (control group). RADT and throat culture were performed on all children presenting with signs and symptoms of acute pharyngitis. The false positive and false negative rates were determined and compared in both groups. results: The false positive rate of 11.5% (23/200) in the study group was significantly higher than the false positive rate of 0 in the control group. False positives were more likely to occur in younger children. Interpretation: These data would indicate that while RADT is reliable in most children, it can lead to over treatment in children who have been recently treated for GAS. In children treated in the preceding 28 days for GAS pharyngitis, the presence of infection should be determined with a throat culture only. Treatment based on a positive RADT should be reserved for children not recently treated for GAS pharyngitis.
KeYWOrdS
Group A beta-hemolytic Streptococcus rapid antigen-detection test, GAS pharyngitis fever, decrease transmission of the infection, shorten the course of the disease and prevent complications such as peritonsillar or retropharyngeal abscesses. 1 RADT can be performed using various methods. Currently, most commercial tests are immunoassays with a sensitivity of 70%-95% (average 85%) and a specificity of 95%-99%. [1] [2] [3] [4] [5] [6] Since RADT detects about 71%-83% of the GAS 5 , it is a routine of most practices to follow a negative RADT with a GAS culture read at 24 and 48 hours. 7 Because of the high specificity of RADT, positives are not typically followed up with a culture on a sheep blood agar plate, first described by Breese and Disney in 1954. 8 We have observed that children who have been treated for recent GAS pharyngitis might have a false positive RADT that is rarely seen in children not recently treated. The false positive RADT might be caused by the presence of non-degraded antigenic proteins that persist even in the absence of viable GAS in the pharynx. 5 This seems plausible since the RADT is based on the presence of antigen rather than viable bacteria or antibody. This over diagnosis of GAS pharyngitis would lead to overuse of antibiotics and might result in increased parental anxiety, increased school absenteeism and unnecessary tonsillectomies.
The purpose of this study was to determine if children treated for GAS pharyngitis in the preceding 28 days have a significantly higher false positive rate than children who had not been treated in the preceding 28 days.
MeTHOdS

Clinical study and specimens
This prospective study was conducted in a private pediatric practice in Northern Virginia over a two year period spreading over all seasons. The study was approved by the Institutional review boards (IRB), Georgetown University Medical Center, Washington, DC, USA. The subjects were children and young adults aged 2 to 20 years from middle and upper middle class families living in the Washington, DC suburban area, presenting with signs and symptoms suggestive of acute pharyngitis including sore throat, fever, headache, abdominal pain and cervical lymphadenitis, determined by reviewing the records or taking a history from the parents or older patients. The study group consisted of 300 children who had been treated with an antibiotic for ten days for GAS pharyngitis in the previous 28 days. The control group consisted of 306 children who presented with symptoms suggesting GAS pharyngitis but who had not been treated in the previous 28 days. All subjects had throat cultures regardless of the RADT result.
Antigen tests, culture methods and analysis
Throat swabs were tested by the Osom Strep A test (Sekisui Diagnostics, San Diego, California, USA) for the presence of Strep A antigen (manufacturer's reported sensitivity 96% and specificity 98%), and were also cultured for GAS using 5% sheep blood agar (HealthLink, Jacksonville, Florida, USA) incubated in ambient air at 35 degrees Centigrade for 48 hours. The Osom Strep A test was also used to verify beta hemolytic colonies that grew on the blood agar plate. 9 All tests were performed by the same laboratory technicians who were asked to perform a rapid strep test and culture on all subjects without them knowing whether the patient belongs to the study or control group, and checked by the laboratory director. Parental signed consent was obtained and the patients paid no extra charges. Differences in rates were tested using Chi-square (χ 2 ) analysis with significance set at P < 0.05.
reSULTS
Of three hundred subjects who have been treated with antibiotics for GAS pharyngitis in the past 28 days (study group), 116 (38.7%) were RADT positive. Of these 116 patients, 23 (19.8 %) had negative cultures. Seventy percent had been treated with amoxicillin and 30% with a cephalosporin or another antibiotic primarily due to penicillin allergy.
The relative distribution of these according to GAS screen status is shown in Tables 1 and 2 . The sensitivity of the GAS screen in these patients was 93.0% while the specificity was 88.5%. Secondary to the rather low specificity, the predictive value of a positive GAS screen was only 80.2% while the high specificity yielded a predictive value of a negative screen at 96.2%. The false negative rate was 7.0% while the false positive rate was relatively high at 11.5%. Three hundred and six subjects who had not been treated in the previous 28 days served as controls (control group). Of these children 14.4% were RADT positive. The relative distribution of these according to GAS screen status is shown in Tables 3 and 4 . The sensitivity of the rapid strep test in these patients was 80% significantly lower than the study group (χ 2 = 5.84, P < 0.05) but the specificity was significantly higher at 100% (χ 2 = 27.3, P < 0.01). The higher specificity of the control group also resulted in a significantly higher predictive value for a positive test, 100% for the control group vs. 80.2% for the study group (χ 2 = 7.92, P < 0.01). There was no significant difference in the predictive value for a negative test. There is a suggestion that the time from the original infection to new symptoms affected the false positive rate (Figure 1 ). While the trend was not significant (P = 0.08), there was a significant negative linear relationship between days since infection and the false positive rate (χ 2 for nonlinearity = 0.066, P = 0.80). Children under age five were significantly more likely to have false positives than older children (χ 2 = 4.7, P < 0.05). There were no false positives in children over 14, but the number of children in this group was small (Table 5 ). This could not be explained by differences in time to treatment since the time was similar among the age groups (average 14.8-17 days). 
dISCUSSION
This study confirms the empiric observation that children recently treated for GAS pharyngitis have a higher rate of false positive rapid strep tests than children not previously treated. While sensitivity was higher in the study group, this did not affect the predictive value of a negative test. Both specificity and positive predictive values were significantly poorer in the previously treated group leading to a relatively high false positive rate and an over diagnosis 11.5% of the time. Since the RADT tests for antigen and not living organisms, this finding is certainly biologically plausible and is supported by the suggestion of a decline in the false positive rate as the time since the last infection increases with no false positives after three weeks. It is also supported by the significantly higher sensitivity in the treated group. If in fact the high false positive rate were due to residual antigen, then a higher sensitivity would be expected since residual antigen would add to the antigen secondary to the new infection.
Sheeler et al 5 found that RADT is both sensitive and specific in the setting of recent GAS pharyngitis and they suggested that its use might allow earlier treatment of this subgroup of patients. The previous study was done in an urgent care center of a family practice. While their logistic regression showed no impact of age, they did not describe the population, so it is impossible to determine the age range or number of children they treated in their cohort. Our study was done in a private practice using standard protocols so it should be able to be generalized to other general pediatric practices. The decision to test for GAS was entirely at the discretion of the practicing pediatrician and standard therapy was used. The same laboratory technicians performed all tests using standard methods for this practice. The age distribution was what one would typically see in a general pediatric office.
We found that children less than 5 years old had a significantly higher false positive rate than older children, which might explain the different findings. Although the reason for the difference between their study and ours is FIgUre 1 False positive rate by day since completion of the course of treatment not entirely clear, it is possible that this could be explained by differences in immunologic response to GAS infections among children and adults, possibly leading to larger or more persistent antigen loads in children. In conclusion, the high false positive rate of 11.5% in children who were treated within the previous 28 days suggests that while a rapid strep test is reliable in most patients, it could lead to over treatment in children who were treated for GAS within 28 days. While there is a suggestion that this should be applied only to children under 14, more data are needed on older children to confirm this observation. In this era of increasing antibiotic resistance we need to find ways to reduce use of antibiotics. These data would indicate that we should consider using culture alone for children treated for GAS pharyngitis in the previous 28 days and reserve rapid strep testing for children not recently treated for GAS pharyngitis.
